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Abstract 
Energy usage in building accounts for more than a quarter of Australia
responsible for more than 26% of the total electrical energy usage on extreme hot days.  With the goal of achieving reduction in energy 
usage in buildings, natural ventilation is receiving greater attention and has become an increasingly important consideration of ventilating 
buildings on milder days.  While not being able to replace active cooling or heating systems of air conditioning altogether, a greater 
understanding and improvements in natural ventilation analysis techniques can widen the ambient condition at which satisfactory thermal 
comfort can be achieved without using active cooling and heating systems.   
Traditionally, natural ventilation system has been designed based on guidelines and past experiences but without any means to measure 
the likely outcome prior to completion of the building.  In this paper, we explore a method of determining indoor flow conditions based 
on statistical climate data, including temperature, wind direction and wind pressure.  A case study was conducted on a medium sized 
double storey building with an adjoining atrium.  Various natural ventilation opening configurations and sizes were investigated to find 
the most effective and economical design.  It was found that, with optimal placement of the openings, the indoor temperature can be kept 
to within one degree Celsius above or below of the peak ambient temperature on a critical design day.  The decrease in number of hours 
required from traditionally heating and cooling system and implications on savings in energy bills is also discussed. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the International 
Energy Foundation 
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Nomenclature 
 
pw Wind pressure (Pa) 
Cp Wind pressure coefficient 
Cd Discharge coefficient 
 Air density (kg/m3) 
v Wind speed (m/s) 
u Meteorological wind speed, typically measured at height of 10m (m/s) 
 Atmospheric boundary layer thickness (m) 
p(h) Pressure in room at height h above ground level (Pa) 
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g Acceleration due gravity (9.81 m/s2) 
Q Volume flow rate (m3/s) 
A Aerodynamic openable area 
1. Introduction 
Adequate ventilation is an essential requirement to ensure healthy human living and comfort [1-6]. As human civilization 
has evolved, so has the different ways and means [7-13] with which to improve air movement and quality inside habitable 
enclosed spaces and their surroundings. If an environmentally sustainable living is to be achieved, efforts should be made 
towards continuous efforts to develop techniques and methodologies that require minimum energy input and consumption 
[14-21]. It is from such perspective that the present work was undertaken with a direct focus on natural ventilation. 
 Natural ventilation is the process in which air is supplied and removed from building without utilizing mechanical 
equipment.  While natural ventilation has been utilized for a number of build
[22]and/or purely to comply with code requirement.  
The building being analysed in this paper is a link building between two main buildings.  The link part is not air-
conditioned and is considered to be a transient space.  The building is two storeys in height with primarily glazed façade, 
large stairway and atrium space linking between the two storeys.  The building is located within an open terrain with 
minimal obstruction.  The height of the building is approximately 10m. 
The analysis was done on a commercial software package, IES-VE.  The building was analysed to determine optimum 
number and placement of operable natural ventilation louvres.  The results of the analysis also demonstrate expected peak 
maximum temperature within the building throughout the year. 
 
2. Theoretical/Numerical Method 
The principle of natural ventilation is based on two main components [23]: 
1. Wind pressure 
2. Buoyancy 
IES-VE utilize the governing equations, as described later in this section, to perform simulation on both internal and 
external flow calculations. 
2.1. Wind pressure 
Wind pressure is generated by air movement outside the building.  This air movement creates positive pressure zone on 
the façade of the building facing the wind and negative pressure zone on the side of façade away from the wind.  The wind 
pressure can be described by equation (1) 
 
    (1) 
 
Wind pressure coefficient Cp can be derived either by site measurement, wind tunnel experiment or CFD analysis.  
However, for a building with simple shape, the value of Cp is readily available within commercial programmes [24]. 
Wind velocity, v, is the free-stream air velocity at each respective building opening.  The value of v is based on two main 
factors, statistical/meteorological data and the height above ground of the opening.  The free-stream air velocity can be 
described by equation (2) [23]: 
 
    (2) 
 
The values of the two coefficients, K and a, are dependent on terrain type and are as follows: 
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Table 1. K and a coefficient based on terrain type [2] 
Terrain Type a (m) K 
Country 0.14 270 0.7244 
Suburbs 0.22 370 0.4319 
City 0.33 460 0.2097 
 
The value of K in the table above is derived from equation (3): 
 
    (3) 
 
With the location of the building being in an open terrain, the value of a and are 0.14 and 270 m, respectively.  As the 
meteorological wind speed is typically recorded at the height of 10m [25], the value of hmet is then taken as 10m.  Equation 
(3) and can then be summarized as follow: 
 
    (4) 
 
Referring back to equation (2), the value of K is then 
    (5) 
 
Once the values of variables K, h,a and meteorological wind speed are obtained, the value of v can then be calculated.  
Utilising value of experimental Cp, the wind pressure acting on the building façade can then be calculated. 
2.2. Buoyancy pressure 
Buoyancy pressure is pressure difference due to gravitational force.  In case of air pressure within a room, the buoyancy 
pressure varies linearly to the height and can be expressed by equation (6): 
 
    (6) 
2.3. Pressure acting on external opening 
Once wind pressure and buoyancy pressure are derived, the pressure working on an external opening is a combination of 
the two components of pressure and can be summarized as shown in equation (7): 
 
    (7) 
 
xternal air pressure and density acting on an opening. 
2.4. Flow characteristic 
Flow characteristics for large and opening and small openings are governed by two separate equations due to different 
flow types.  Flows through large openings are largely turbulent, while flows through small opening, or cracks, are laminar.  
As far as this case study is concerned, the openings are considered large opening with turbulent flow, as such, characteristic 
of flow through cracks will not be discussed. 
Flow through large openings can be described by equation (8) [23]: 
 
    (8) 
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3 and Cdis found experimentally to be 0.62. 
To factor in the variation of buoyancy pressure along the height of the opening, the value of Q is derived from integrating 
across the height of the opening. 
3. Model Creation 
The model of the building was created using DXF file export into IES-VE ModelIT software.  While the part of the 
building concerned is consisted of one large open space, spanning across the two storeys, the model is zoned into a number 
of smaller zone in order to predict likely conditions within each respective part of the building.  Each of the zones is also 
divided vertically into high and low level zones to enable the temperature between occupied and unoccupied zone to be 
monitored separately.  The low-level, occupied, zones are from floor level to 1800 above finished floor level, while the 
high-level, unoccupied, zones are from 1800 onwards to the ceiling level. 
Fig.1. Final model West view 
 
Design building fabrics properties are input into the program.  These properties are mostly as required by the building 
code of Australia.  The façades are firstly modeled as fully openable glass louvre with strips of low-level fixed glazing.  
These fixed glazing are not-openable due to water proofing requirements. 
Internal heat load within the rooms are set as a follow: 
 Equipment heat output:  Nil 
 Lighting heat output:  15W/m2 
 Population:   1person per 10m2 
The building itself is situated in mostly open area as stated in the previous section.  As such, the openable area of the 
louvres are not required to be modified. 
The final model of the building is as shown below. 
4. Analysis and Results 
The simulation was first run with all openable louvres in their fully open position to determine the lowest achievable 
temperature within each area of the building.  Air flow into and out of each of the zones are analysed to evaluate area where 
there may be insufficient air flow.  Following the first iteration, the number of louvers is reduced in an area where the air 
flow is shown to be higher than average.  The analysis is then re-run to obtain temperature and air flow rate into the building 
and each respective zone.  For the purpose of this paper, only the results of the final two cases are shown in comparison to 
the cases where all the windows are set to be openable as well as none of the windows are set to be openable. 
The locations of louvres in each of the cases are as follow 
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Fig.2. Final model East view 
 
Fig.3. Louvres location West view, shown with building elements switch off to reveal louvres location 
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 Fig.4. Louvres location East view 
Red high-lighted windows indicate louvres that are set to be openable in both case A and B.  Blue high-lighted windows 
indicate louvres that are set to be openable in case A only. 
Throughout each of the simulation cases, data from all of the zones are compared and a critical area is identified as an 
area to the North East of level 1.  As this simulation concerns mainly with summer condition within the link building, the 
critical area in this case is the area/zone where the internal temperature is found to be the highest within the building for the 
longest amount of time.  The critical zone in this case is an area on the first floor.  Comparison of expected temperature 
within this zone in the simulated cases is as follow: 
 
 
From the above chart, the critical summer period is shown to be on the 21st of December.  A more detail expected 
temperature graph for this day is as follow: 
Fig.5. Annual expected temperature 
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It can be clearly seen that the expected room temperature of the case where none of the windows are openable is in the 
order of 6-8°C higher than the other three cases.  It can also be seen that the temperature difference between the Case A, B 
and with all louvres set to be openable is within 1°C.  A more detail results without the closed windows case is as follow: 
From the above temperature chart on critical summer day, it is observed that the temperature differences between the 
three cases are within approximately 1°C, as stated above.  In each of the cases, the peak temperature is approximately 1°C 
above the ambient temperature with negligible temperature difference between each case.  The effect of having more 
openable louvres is that the room temperature will follow the ambient temperature more closely.  This characteristic is more 
noticeable when the room temperature and ambient temperature is below 35°C.  Predicted Mean Vote (PMV) can also be 
automatically calculated by the software.  PMV for the above mentioned critical summer day is presented below.  The 
curves closely resemble the expected temperature curve as shown above. 
 
Fig.7.Peak day expected temperature without closed louvres condition 
Fig.6. Peak day expected temperature 
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Fig.8. Peak day Predicted Mean Vote (PMV) 
 
Fig.9. Predicted Mean Vote on Typical Summer Day 
 
In order to further illustrate PMV on the system, an additional PMV curve is presented.  It can be seen that PMV for both 
case A and B closely follow that of the case where all louvres are fully open. 
During winter operation, the operable windows will be closed to retain internal heat within the building.  It was found 
that suitable indoor temperature can be maintained if the louvres are open at ambient temperature above 14 C and shut 
below this temperature. 
As this building serves primarily as a thoroughfare between the two adjacent buildings it was deemed that active cooling 
for this transient space is not required.  However, for the purpose of this paper, the model was analysed to calculate the 
cooling energy required for both the final case (case B) and the case where none of the windows are openable.  The heating 
case is not simulated here as the louvres will be closed down when ambient temperature drops below suitable level as 
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described above and the building will behaved in the same manner in both cases.  The analysis was run with the following 
parameters: 
 Louvre set to open only when temperature is of satisfactory level and close at all other times for case B 
 Space temperature is set at 28°C.  This temperature is found to be adequate for this type of application [26]. 
The cooling energy required for 24 hours operation for both cases are as follow: 
 Case B:  24MWhr / annum 
 Closed louvre:  62MWhr / annum 
It can be seen that the energy consumption of the building with openable louvres are lower than those with fixed glazing 
in this condition at the above mentioned internal space temperature. 
5. Discussion 
The paper described how natural ventilation can be simulated and the achieved outcome on a particular case study. A 
year-round condition, based on natural ventilation only, was analysed.  Statistical wind speed and direction, which are one 
of the primary drivers of natural ventilation, were used in the model to derived bulk air flow rate.  However, it should be 
rain, dust storm or excessive wind speed for example.  Simulation of these conditions is not possible as there are no data of 
such parameters, with the exception of wind speed, available.  In practice, the building will need to be provided with a 
weather station, including rain detection, to provide automatic closing of the openings during these adverse conditions. 
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